Forssman antigen is a commonly Occutting heterophile antigen but is thought not to be present in most humans. Recent biochemical studies, h m e r , have shown the presence of Fotssman antigen in d forms of human cancer, including gastric, colon, and lung caners. Immunohistochemical staining with both monoclonal and plyclonal antibodies has Med to demonstrate this antigen in human tissueS. In this study we conclusively demonstrated the presence of Forsman antigen in cytoplasm of colon goblet cells, especially those in the so-called transitional mucosa adjacent to carcinoma. Specimm from 69 of70 patients with colon cancer contained the antigen in goblet alls in transitional mucosae. The antigen was successfully demonstrated only after 1 9 w KEY 'WORDS: Forssman antigen; Immunohistochemistry; Large intestine; Goblet cell; Glycoprotein; Glycolipid; Mucin; Sialic acid.
Introduction
Forssman antigen is a heterophile antigen which was structurally characterized as GalNAcal-3 GalNAcS1-3Galal-4Gal~l-4Glc~l-~ ceramide (21). The presence of this antigen has been repeatedly demonstrated in various species, i.e., cat, dog, guinea pig, hen, and mouse. The antigen has been thought to be exclusively associated with globo-series glycolipid and until recently was considered not to occur in human tissues (1). Biochemical studies, however, have now demonstrated its presence in the normal gastrointestinal tract (6,7,13) and in some cancers ofthe stomach, colon, and lung (6-8,22,27,28). These studies suggested that the antigen was one ofthe tumor-associated glycolipid antigens with blood group A-like epitopes, since the end terminal ofthe antigen shares a sugar residue, GalNAcal-, as well as Tn antigen, with the blood group A terminal saccharide.
Immunohistochemical identification ofthis antigen in human normal and neoplastic tissues appeared to have potential value to analyze the mechanism(s) of aberrant blood group A activity and the occurrence of tumors. Howcver, histochemical attempts to detect the antigen, have not been successful.
Recently, we described the distribution of this antigen in cancers This antigen was thought to be associated exclusively with globo-series glycolipids, and its existence in glycoproteins has not been conclusively demonstrated. However, the results presented here, bascd on proteolytic digestion and lipid extraction studies, strongly suggest that the antigen is also contained in glycoproteins. (JHirroahan Cytoclhan 42659-665, of the human stomach (25). In the present study we demonstrate immunohistochemically that Forssman antigen is contained in the cytoplasm of colon goblet cells. The antigen was recognized by anti-Forssman antibody only after removal of 0-acetylated sialic acids with a saponification-neuraminidase digestion sequence. The reactivity was most marked in the cytoplasm of goblet cells in the so-called transitional mucosa adjacent to carcinoma tissue. Goblettype cells in colon cancer also stained positively for the Forssman antigen. These results reconfumed that unusual enhancement of activity of blood group A-like antigen was strongly related to carcinogenesis, and also indicated that assay of the antigen in tissue sections and circulating plasma would be of value to detect colon cancer.
Materials and Methods
Fresh surgical specimens were obtained from 70 patients with primary carcinoma of the large intestine. The tissues were collected at Tosci General Hospital and Shinshu University Hospital over a 5-year period (1985) (1986) (1987) (1988) (1989) (1990) .
The patient population included 41 men and 29 women ranging in age from 28 to 81 years. The pfknary sites ofthe carchomas, theu hktological classifications, and blood group types am shown in lible 1.
The carcinoma tissues were remmd together with the so-called transitiond mucosa from a zone within 2 cm of the carcinoma. In addition, 20 biopsy specimens obtained from large intestine without neoplasm were examined as normal controls. All specimens were fixed in 2% cold buffered paraformaldehyde for 24 hr, processed through alcohols and xylenes. and embedded in p d i n .
Some tissues ftom the colon carcinoma with the transitional mucosa were also fixed in Carnoy solution (chloroform-methanol-acetic acid solution, 3:6:1 v/v) instead of ordinary buffered paraformaldehyde solution. Paraffin sections of each specimen were stained with hematoxylin and eosin (HE) for pathological evaluation. Sections adjacent to the most intemting regions were immunostained for several antigens as described below. Rabbit IgG against the Forsman antigen was obtained as described previously (24,26) and was purified by affiity chromatography according to the method of Hirabayashi et al. (10). Other sections were stained with mouse monoclonal antibodies (MAb) against blood group A, B, and H antigens diluted 1:40, 1:40, and k100, respectively (Dako; Glosuup, Denmark) and the Tn antigen (NCC-Lu-35) (11) (kindly provided by Dr. Seauo Hirohashi, National Cancer Center, Research Institute, Tokyo, Japan) diluted 1100. Immunostaining was performed by the sueptavidin-biotin complex method (12). Endogenous peroxidase activity was blocked by incubation of slides in 0.3% H202 in absolute methanol for 30 min at room temperature (RT). The sections were then incubated "ight with the primary antibody solution at 4%. After equilibration to RT, the sections were rinsed with PBS and then flooded with biotinylated goat anti-rabbit or anti-mouse IgG for 30 min. They were then incubated for 30 min with a sueptavidin-biotin-horscndishperoxidase complex ( W i e Kit; Scikagzku-Kogyo, Tokyo, Japan). After rinsing in PBS, sites of bound antibody were visualized by incubation in 3,3'-diaminobenzidine teuhydrdoridc-H202 substrate solution. The sections were rinsed in deionized water, counterstained with hematoxylin, dehydrated, cleared, and mounted.
The control samples omitted the step of incubation with the primary antibodies. As the antigen-blocking control, some sections were incubated in the primaq antibody solution containing F0"an antigen purified from goat erythrocytes. Some sections were also subjected to saponification alone, neuraminidase digestion alone, or neuraminidase digestion after saponification before incubation with the primary antibody solutions. Neuraminidase (Arthmbacterureafacienz; EC 3.2.1.13) (Nakalai Chemicals; Kyoto, Japan) was used at a concentration of 1 Ulml in 0.05 M PB, pH 7, at 37'C for 18 hr. The ability of neuraminidase to digest sialic acid in section was checked by staining a section of the small intestine with Alcian blue (AB), pH 2.5, which visullizes acidic mucin. Alkaline hydrolysis (saponification) was performed for 15 min at RT with 1% KOH in 70% ethanol. In addition, cnzyme digestion of protein was performed with pronase (0.5 m g / d in 0.05 M %is-HC1, pH 7.6, 10 min at RT) (Type VII; Sigma, St Louis, MO), trypsin (1 mglml in 0.05 M %is-HC1, pH 7.6, with 1 mg/ml CaC12, 30 min at 37'C) (Type I; Sigma), or pepsin (4 mg/ml in 0.01 N HCI. 30 min at 37'C) (Sigma). Other sections were incubated in a chloroform-methanol sohdon (2:l v/v, CM 2:1) after neuraminidase digestion to eliminate lipid and to determine histochemically whether the staining against Forssman antibody was based on lipid or protein. The ability of each protease t o digest protein in sections was assayed by staining sections of the large intestine with rabbit anti-carcinoernbryonic antigen (CEA) antibody diluted 1:500 (Dako) before and after enzyme digestion. Similarly, t o test for removal of lipids, sections from human cerebrum were stained with rabbit anti-GMI ganglioside antibody diluted 1:200 (Sckagzku-Kogyo) before and after incubation in the CM 2:l solution.
Results
In general, mucins or glycoproteins secreted by epithelial cells can be classified by histochemical and/or biochemical methods into two types: goblet cell type and surface coat type (14, 18, 19) . In this study, therefore, staining with the antibodies that reacted with sugar residues of the glycoproteins are described for each type.
Staining of the Large Intestine with Forssman Antibody
Only goblet cell type mucin (GCM) reacted with the antibody in normal, uansitional, and carcinoma tissues and showed diffuse staining in the cytoplasm.
Normal Mucosa. In 23 of 70 cases, staining with anti-Forssman antibody was present after alkaline hydrolysis-neuraminidase pretreatment. However, staining was observed only in two cases without prior alkaline hydrolysis and neuraminidase digestion. In specimens with a positive reaction, staining was seen in the cytoplasm of the goblet cells, mainly of the lower to middle crypts, and only a few goblet cells were reactive ( Figure IC) . For the biopsy specimens, eight of 20 cases reacted with the antigen after saponification-neuraminidase sequence but only two cases without the pretreatment. The localization of the staining was almost the same as in normal regions of the operated cases with carcinoma.
Transitional Mucosa. Mucosa adjacent to the carcinoma tissues consistently protruded from the surrounding mucosa. Histologically, larger crypts with occasional branches lined by hypertrophied goblet cells characterized this region. In 69 of 70 cases, cytoplasm of goblet cells in the transitional mucosae stained diffusely with anti-Forssman antibody after treatment with the alkaline hydrolysis-neuraminidase sequence (Figures la and 1b ). This reactivity was especially prominent in the mucosa adjacent to the carcinoma tissues and gradually disappeared in more peripheral regions. The histochemically altered mucosa usually extended about 1 cm from the tumor. This staining pattern was seen in all specimens and was not related to site of origin, histological pattem, or size of tumor, or to blood group or age. The only case that failed to stain was carcinoma of the cecum, which did not show any distinctive histological features. Without pre-treatment, the number of positive cases decreased to 34 and the staining was somewhat reduced compared with positive cases pre-treated with alkaline hydrolysis and neuraminidase digestion.
Carcinoma. The carcinoma tissues examined in this study were all mucus-producing adenocarcinomas. Goblet type cells were present in 24 of 70 cases, and some cells in each case showed positive reactivity with the antibody after treatment by alkaline hydrolysis and neuraminidase digestion ( Figure Id) . The proportion ofpositive cells varied from case to case and in one case of mucinous carcinoma, reactivity was present not only in the cytoplasm of the carcinoma cells but also in the mucous lake outside the tissues ( Figure  le) . The number of positive cases, however, was reduced to 12 without pre-treatment.
Comparison of Reactivity for Anti-hrssman Antibody witb tbat for Anti-human Blood Group and Anti-Tn Antibodies
I m m u n h i n g of serial sections with anti-Forssman and anti-blood group A, B, and H antibodies revealed a very different distribution of these antigens, which was independent of pre-treatment by alkaline hydrolysis (Figures 2a-2d ). Staining with anti-' antibody also showed a pattem different from that of Forssman antigen. Although both antibodies reacted with the cytoplasm ofgoblet cells in transitional mucosa, only anti% antibody was demonsuated in the surface coat and apical cytoplasm of carcinoma tissues. Anti-Forssman antibody was never detected in the surface coat (Figures  2e and 2f ).
Effect of Proteolytic Digestion and Glycolz$id Extraction on Staining witb Anti-hrssman Antibody
Staining with anti-Forssman antibody was abolished after either pepsin or pronase digestion (Figures 3a and 3d ). However, faint staining remained after trypsin pre-treatment (Figure 3c ). Reactivity with anti-CEA antibody also was markedly decreased in control sections. In contrast, glycolipid extraction with CM 2:l solution had no effect on intensity with anti-Forssman antibody (Figures 3a and  3b) , although staining in the cerebrum with anti-GM1 antibody was remarkably reduced after this treatment. In addition, tissues fixed in Camoy solution were strongly stained with Forssman antibody (Figure 3e ). Some sections incubated in Forssman antibody solution containing Forssman antigen did not demonstrate any staining.
Staining of ABpH2.5 in control sections of small intestine was almost completely abolished by neuraminidase digestion, and this clarified the neuraminidase activity.
Discussion
This study demonstrates for the first time expression of Forssman antigen in cytoplasm of colon goblet cells, especially in the transitional mucosa. Reactivity for this antigen was markedly enhanced by pre-treatment with alkaline hydrolysis and neuraminidase digestion. As reported previously, sialic acid in colon goblet cell mucins consists mainly of the 8-0-acetylated and 9-0-acetylated type neuraminic acids (2,3) and this type of sialic acid is cleared by neuraminidase only after it is deacetylated at carbon 4 to N-acetyl-neuraminic acid by alkaline hydrolysis (18) (19) (20) . Recent biochemical studies have shown the presence of the antigen in the gastrointestinal tract and lung (6-8, 13, 22, 27) . It is highly likely that previous attempts to demonstrate this antigen histochemically were unsuccessful because alkaline hydrolysis was not performed before neuraminidase treatment.
Although Forssman antigen has long been thought to be associated exclusively with glycolipid (6), it has been suggested to occur also in a glycoprotein termed globoprotein (23). This finding, however, is controversial. In our results, the antigen was localized exclusively in goblet cells, which contain abundant mucintype glycoproteins. This fact, along with the staining lability to proteolytic digestion but not to organic solvents and the presence of staining even after fmtion in Camoy solution, suggests that the immunohistochemical reaction is probably attributable to the antigen's presence in glycoprotein.
The antigen epitope was readily demonsuated only after saponification and digestion with neuraminidase. There are at least two possible explanations for this finding. The fim is that sialic acid is linked to GaINAca-GaINAcSas the terminal residue ofthe suucture. The second is that sialic acid might be present in other coexisting glycoproteins and might sterically mask the Forssman antigeneity. Since sialylated Forssman antigen has not been detected biochemically, the latter possibility appears to be more likely.
Several other carbohydrate antigens with GalNAc as a terminal residue, including Tn, sialyl Tn, and A antigens, have been found in carcinomas and are recognized as tumor-associated A-like antigens (6-9,11,13,27). Staining ofserial sections with anti-A and anti-% antibodies in this study demonstrated conclusively that these antigens did not occupy the same histological sites as the Forssman antigen. In a previous study, the crossreactivity of the anti-Fonsman antibody used in the present study with A and Tn antigens was assessed biochemically (25). %ken together, these results suggest that enhanced activity of N-acetyl-galactosaminyltransfcmse may be a general property of carcinoma cells, leading to increased incorporation of GalNAc into several types of sugar chains. It is well established that mucin in goblet cells lining the transitional mucosa of the large intestine exhibits unique histochemical properties (2-5,1649). These alterations include decreased sulfation, remarkable enhancement of labile Class III reactivity of paradoxical concanavalin A staining (14, 15, 18, 19) , and enhanced bin- described above, and this also could be attributable to a tumorinduced secondary increase in the activity of N-acetyl-galactosaminyluansferase in this region.
Our results described above indicate the value of an assay for Forssman antigen in tissue sections or in circulating plasma to detect carcinoma of the large intestine.
